Background: Food insecurity is negatively associated with US childrenÕs dietary intake and health. The Supplemental
Introduction
Food insecurity is a prevalent public health concern for households with children in the United States. During 2013, 19 .5% of all US households with children experienced food insecurity at some time during the year (1) . In addition to negative psychological and behavioral outcomes (2) (3) (4) (5) , food insecurity is associated with health (6) (7) (8) and dietary (8) (9) (10) (11) (12) disparities among children, who may be at heightened susceptibility to adverse and potentially lifelong nutrition and health consequences due to their rapid growth and development. Households with children may sustain more individuals with less earning capacity and are particularly vulnerable to food insecurity compared with households without children (1) . Substantial federal, state, and private resources are spent annually on programs and interventions to alleviate food insecurity (13) .
The Supplemental Nutrition Assistance Program-Education (SNAP-Ed) is the educational component to the Supplemental Nutrition Assistance Program (SNAP) (14) and aims to help SNAP-eligible households and SNAP participants make healthy choices on a limited budget in accordance with the current Dietary Guidelines for Americans (15, 16) . The growing burden of food insecurity in the United States presents challenges to improve the accountability of programs directed to improve food security. In addition, shrinking government resources and economic recession add pressure to provide stronger evidence, through high-quality research design and methodology, of the impact of nutrition education and assistance programs. Nutrition education programs such as SNAP-Ed and nutrition assistance programs such as SNAP share a need for more rigorous evaluation and share the constraints to randomization that are posed by self-selection to program participation (noted in references [17] [18] [19] [20] [21] , but the ethical concerns of withholding financial and food resources with the use of a randomized controlled design are not present for SNAP-Ed compared with SNAP. Despite the absence of this barrier, few studies assessing the effect of SNAP-Ed on food security have been completed (22) (23) (24) , and, to our knowledge, only 1 study has quantified the effect by using a randomized and controlled study design (23) . The study determined a short-term improvement in household food security among an intervention group compared with a control group immediately after the experimental group received an intervention of 5 SNAP-Ed lessons (23) . Yet, there remains a critical need to determine if gains in food security after SNAPEd can be sustained in the long term and whether households with children are differentially affected. The objective of this study was to evaluate the long-term effects of SNAP-Ed on the food security of the entire household and household adults and children among SNAP-eligible households with children in Indiana.
Methods
Study participants and recruitment. County-level Indiana SNAP-Ed nutrition education paraprofessionals, directed by the Purdue University Health and Human Sciences Cooperative Extension, recruited study participants following established SNAP-Ed procedures. Participants included the usual SNAP-Ed, or SNAP-eligible, population, except that only households with children were recruited. In addition, participants must not have received SNAP-Ed lessons in the past year and had to be $18 y old, Indiana residents living in households with $1 child aged <18 y, willing to complete a survey at all 3 assessment time points, willing to stay in touch with paraprofessionals for the duration of the study, and willing to wait 1 y to receive SNAP-Ed lessons. Eligible participants were screened by using a questionnaire before enrollment in the study. The Human Subjects Committee of the Purdue University Institutional Review Board approved all of the study protocols before beginning study activities. All of the participants provided signed written consent after recruitment. Participants were compensated with grocery store gift cards. Sample size calculations were based on a previous study (23) , and at baseline 575 participants were recruited ( Figure 1) . Participants assigned to the intervention group were not included in the postintervention and 1-y follow-up assessments or analysis when <4 of the required SNAP-Ed lessons (n = 1) were completed, when children were not living in the household at $1 assessment, and when study protocol was not followed (n = 17).
Study design and randomization. Forty-one SNAP-Ed paraprofessionals from 38 counties throughout Indiana assisted with the study and attended study training before participant recruitment, which included instruction on research facilitation techniques such as recruitment, randomization, survey administration, documentation of participants, and instruction on how to answer participant questions so as to avoid biasing responses. SNAP-Ed paraprofessionals were constantly monitored by supervisors and study investigators to ensure that the proper study protocol was implemented.
The study design was a parallel-arm nutrition education intervention with 2 treatment groups: intervention and control. Participants were allocated to treatment groups with an allocation ratio of ;1:1. A random number generator was used to assign paraprofessionals to allocate their first participant or group of participants to either the intervention or control group. After the first recruited participant or participants, paraprofessionals randomly assigned every other participant or group of participants to the control or intervention group. Participants recruited simultaneously were assigned to the same study group to prevent knowledge of a difference in treatment. Participants randomly assigned and recruited to the control group were asked to wait 1 y to receive SNAP-Ed and were offered SNAP-Ed upon completion of the study. All of the participants completed a baseline assessment at recruitment from September 2013 to March 2014. Participants who adhered to the study protocol and could be contacted completed a postintervention assessment 4 to 10 wk after baseline from September 2013 to April 2014. Participants who completed a postintervention assessment, continued to adhere to the study protocol, and were able to be contacted completed a follow-up assessment 1 y after recruitment from September 2014 to April 2015.
SNAP-Ed intervention. The intervention group was required to complete at least the first 4 lessons of the Indiana SNAP-Ed curriculum, aligning study goals with the SNAP-Ed Plan Guidance (25) , of which the lesson content of the greatest priority is covered in the first 4 lessons (Supplemental Table 1 ). During the intervention period, SNAP-Ed lessons and assessments were delivered by paraprofessionals either oneon-one in the participantÕs home or in a group setting at a community location, such as at a food pantry, school, or nutrition assistance program office or clinic, maintaining the normal SNAP-Ed protocol.
Assessment and classification of food security status and participant and household characteristics. The 18-item US Household Food Security Survey Module was used to quantify the primary outcomes of food security of the household and household adults and children. In accordance with the direction provided in the USDA Guide to Measuring Household Food Security (26, 27) , a survey reference period of 12 mo was used for the baseline and 1-y follow-up to quantify long-term changes in food security. A 30-d survey reference period was used for the postintervention assessment to quantify short-term food security during the month immediately before the end of the intervention period but not overlapping with the baseline assessment period. Postintervention assessment was completed to allow comparison of results with other studies assessing food security over a short-term period.
Unanswered items in the US Household Food Security Survey Module were assigned values with the use of previously described imputation methods (26) . The classification of food security status for the household and household adults and children was derived from responses to the 18, 10, or 8 respective US Household Food Security Survey Module items (26, 28) . Food security scores were assigned on the basis of the summation of the count (0, 1) of affirmed items. Participants classified into the 2 most severe food insecurity categories were combined into 1 food-insecure category because of the low prevalence of participants in each of these categories. An independent variable classifying treatment group was structured as a simple categorical variable with 2 levels: control group (0 lessons) or intervention group (4-10 lessons). Other covariates included were as follows: sex, age in years, marital status, race, household education, household poverty status, household employment, number of people in the household, participation in food assistance programs, frequency of food pantry use, and number of SNAP-Ed lessons.
Statistical methods. A linear mixed model with intervention and time as fixed factors was selected as the most appropriate model to determine differences between treatment groups across the 3 time points. Various covariance structures were compared by using the Akaike information criterion (AIC) model selection criterion. The unstructured covariance model that varied across treatment groups was determined to be the most appropriate. Model assumptions were checked by plotting predicted means against residuals, Q-Q plots, and histograms. Although residuals were not normally distributed for food security score, analysis based on a variance-stabilizing transformation (scaled arcsine square root) gave similar results.
The final best-fitting model accommodated the fixed variables of treatment group and time (modeled as baseline, postintervention, and 1-y follow-up) and their interaction. The main dependent variable was food security score. Potential confounders that were distributed significantly differently between treatment groups in the baseline chi-square and t tests were included as covariates in the model. The difference of differences was determined by comparing changes in food security score from baseline to 1-y follow-up in the intervention group with changes in food security score over a similar time frame in the control group. Results were considered significant when P # 0.05, and all statistical analyses were performed by using SAS version 9.4 (SAS Institute).
Results
All of the data are expressed as means 6 SEMs unless otherwise indicated. Nearly 40% of participant households were classified as food insecure at baseline, indicating reduced dietary quality, variety, desirability, and, for some participants, a reduction in the amount of food. Food security status was not significantly differently distributed between the intervention and control groups at baseline or at the 1-y follow-up, with the exception of household food security at 1-y follow-up, indicating a difference due to treatment groups ( Table 1 ). Significant baseline differences were observed between the control and intervention groups for household employment and household food assistance programs ( Table 2 ). The number of people living in the household and the frequency of household food pantry use significantly changed among participants from baseline to postintervention (data not shown).
Mean food security score significantly decreased between baseline and 1-y follow-up between intervention group households (P < 0.01) and household adults (P < 0.01) compared with the control group (Supplemental Table 2 ). Long-term food security score among household children did not significantly differ between the intervention and the control groups (P = 0.07) (Supplemental Table 2 ). The primary research question of this study focused on the comparison of the changes in long-term food security in the intervention group compared with the control group from baseline to 1-y follow-up. The mean household food security score in the intervention group decreased more than twice as much (1.9 6 0.3 units) as in the control group (0.7 6 0.2 units) from baseline to 1-y follow-up ( Table 3) . The difference in mean food security score from baseline to 1-y follow-up was 1.2 6 0.4 units (P < 0.01) among the households and 0.9 6 0.3 units (P < 0.01) among household adults in the intervention group compared with the control group ( Table 3) .
The research question focused on the long-term outcome, but the postintervention assessment was included as a checkpoint to investigate changes during the short-term interim and quantified short-term changes in food security. Significant differences between the intervention and control groups for the change in mean household and household adult and child food security scores were not detected from baseline to the postintervention assessment ( Figure 2) . From postintervention to the 1-y follow-up, the intervention group maintained decreases in household and household adult food security score, whereas the control group did not.
Discussion
Household food security improved by 25% over the 1-y study period among Indiana households with children when a household adult received a SNAP-Ed intervention compared with a control group. The impact of SNAP-Ed to sustain improvement in food security among the entire household and for household adults is remarkable considering that only 1 person from each household received the intervention. Food insecurity is known to be intermittently experienced over time; thus, short-term analysis may not capture the full impact of a SNAP-Ed intervention on food security. Our study findings highlight the importance and feasibility of SNAP-Ed longitudinal evaluation. Sustained improvements in household food security in the intervention group compared with the control group likely occurred because new nutrition and budgeting knowledge acquired from SNAP-Ed were used when intervention group participants experienced situations of reduced resources throughout the entire 1-y follow-up period.
SNAP-Ed may be an effective intervention to improve household and adult food security among households with children, because thrifty meal planning and food-dollar budgeting skills are incorporated into each SNAP-Ed lesson. The curriculum in the context of program delivery, based on the social cognitive theory, which includes interaction with SNAP-Ed paraprofessionals as a key component, may also be effective in helping participants significantly improve food security through enhancing participant self-efficacy (29) . A bias presented by the study might have been the monthly contact that control group participants had with SNAP-Ed paraprofessionals to prevent attrition. The effect of this contact, in addition to other potential environmental factors, on the food security of control group participants is unclear but might have contributed to the significantly improved mean household and household adult food security score from baseline to the 1-y follow-up among the control group (data not shown). This improvement may also represent a difference in how true nonparticipants of SNAP-Ed experience food security changes.
The long-term mean decrease in household and adult food security scores among intervention group participants is sufficient for a participant to improve along the continuum of food security and to be classified to the next food security category. These results support the practical importance of SNAP-Ed and that the program is accomplishing its goal among Indiana households with children who participate in SNAP-Ed. Although household child food security did not improve significantly in this study, perhaps due to the low prevalence of food insecurity among children, who are often protected from food insecurity even when adults in the household are affected, unquantified benefits to household children may include reduced household stress and a lower risk of future food insecurity (30) .
Both control and intervention group participants showed significantly improved household and adult mean food security scores from baseline to the postintervention assessment, and a significant difference was not found between the 2 treatment groups at that midpoint. The postintervention assessment measured food security over a reference period covering the past 30 d, whereas the baseline and 1-y follow-up assessments measured food security over a reference period covering the past 12 mo. Food security is not typically a chronic state over a yearlong period. The prevalence of food insecurity over a 30-d period is much lower relative to food insecurity over 12-mo period (31). It is not known whether the improvement in food security in the control group, and possibly the intervention group, participants at the postintervention assessment was due to this known difference in food security score over varying reference periods, interaction with the SNAP-Ed paraprofessionals, or other factors that the investigators did not measure. Results presented in this report focus on comparisons between 2 Baseline sample sizes: Control, n = 280 (49%); Intervention, n = 295 (51%). 3 1-y follow-up sample sizes: Control, n = 163 (50%); Intervention, n = 165 (50%). 90  33  93  32  70  31  74  33  54  32  62  35  Never  125  46  143  48  106  47  108  49  81  48  84  47  Number of lessons  0  220  100  0  0  4  0  0  5 1  2 5  5-8  0  0  92  45  9-10  0  0  60  30 1 Values are n, percentages, and P values from chi-square comparisons of the distributions among sociodemographic characteristics between control and intervention group participants. Total numbers do not always add up to the sample size due to missing values, and percentages do not always add up to 100% due to rounding. GED, General Education Development; SNAP, Supplemental Nutrition Assistance Program; SNAP-Ed, Supplemental Nutrition Assistance Program-Education; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
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baseline and 1-y follow-up assessments because of the difference in the ability of the US Household Food Security Survey Module to detect food security over 30 d and 12 mo. The characterization of nearly 40% of SNAP-Ed participant households as food insecure exemplifies the need for effective programs in this low-resource population that reduce food insecurity. The study sample was representative of the Indiana SNAP-Ed population based on the characteristics quantified, with the exception of racial diversity. The general Indiana SNAP-Ed population included more African-American, Native American, and Asian participants than were included in this study, likely because fewer metropolitan areas were included in study recruitment than in the actual program, resulting in reduced generalizability of study results across races other than non-Hispanic whites.
The success of the randomization to treatment groups was confirmed by comparing characteristics between the control and intervention groups. The presence of employment in the household and household participation in food assistance programs were the only characteristics found to differ between treatment groups and were controlled for in the analysis as covariates in the regression models. Participants from households in which no adults were employed may have been more likely to be allocated to the intervention group due to selfselection bias because they might have had more time to take lessons. Allocation to the control group and having to wait 1 y to receive SNAP-Ed lessons may have delayed control group participants in improving their food security during the study period; however, control group participants were encouraged to participate in SNAP-Ed immediately after completing the study.
TABLE 3
Mean food security scores at baseline and 1-y follow-up, changes from baseline to 1-y followup, and difference in changes between treatment groups among Indiana SNAP-Ed participant households with children Education. 2 Values are the difference between baseline and 1-y follow-up adjusted least-squares means 6 SEMs. 3 Values are the difference in changes of adjusted least-squares means 6 SEMs between treatment groups from baseline to 1-y follow-up. 4 Model adjusted for household employment, household food assistance programs, and household frequency of food pantry use. 5 Model adjusted for household employment, household food assistance programs, household frequency of food pantry use, and number of people in household.
FIGURE 2
Interactions of treatment group and time shown by plots of adjusted least-squares means for household food security score (A), household adult food security score (B), and household child food security score (C) across baseline, postintervention, and 1-y follow-up assessments among Indiana SNAP-Ed participant households with children during the study period September 2013 through March 2015. Interactions of treatment group and time shown by plots of adjusted least-squares means for household food security score (D), household adult food security score (E), and household child food security score (F) across baseline and 1-y follow-up assessments. Baseline and 1-y follow-up assessments measured food security over the previous 12 mo, whereas the postintervention assessment measured food security over the previous 30 d. Note that changes in food security scores in all 6 plots (panels A-F) are exaggerated due to the truncated vertical axis ranges and y 6 ¼ 0 at all 6 plot origins. SNAP-Ed, Supplemental Nutrition Assistance Program-Education.
A potential limitation to the study was the high attrition rate of 43%. A greater proportion of participants who completed the study than those who did not were married, had incomes above the Federal Poverty Guideline, and were from larger households. Possible explanations for these differences are that married participants may have had more support to complete SNAP-Ed; participants living in poverty may not have had the resources, such as time or transportation, to complete the study; and participants living in households with more people may have found the most benefit to staying in the study if they were receiving lessons or knew that they would receive lessons at the end of the study. Thus, the final results may not apply as fully to the unmarried SNAP-Ed target population from smaller, impoverished households, and these characteristics may be associated with the ability of participants to complete the 4 core SNAP-Ed lessons.
The compensation that participants received for completing the study assessments might have contributed to an increase in the change in food security; however, this bias is unlikely due to the small amount of money participants received at the baseline ($10) and postintervention ($25) assessments and the lengthy duration of time between the postintervention and follow-up assessments (11-12 mo). The follow-up assessment compensation ($35) would not have affected the results of the study because it was received after the final assessment. In addition to study compensation, approximately two-thirds of study participants were receiving SNAP benefits. Further investigation is needed to determine whether and to what extent participation in SNAP or other financial assistance programs contributes to the effect of SNAP-Ed on food security. SNAP-Ed may be an economical means to improving food security, and gains in food security suggest improved dietary intake. Inherently, nutrition and resource assistance programs, such as SNAP, which offer food resources without education, require larger budgets to supplement the food supply in the household (13) . In 2014, the Indiana SNAP budget was ;$1.3 billion and served a monthly average of just under 900,000 lowincome individuals in contrast to the Indiana SNAP-Ed budget of $5,468,288, which reached >200,000 client contacts (32) (33) (34) (35) . Although research indicates that SNAP successfully improves food security of participants (36, 37) , it is unclear whether SNAP improves dietary quality (14, (38) (39) (40) (41) . A multifaceted approach (i.e., food and financial assistance in addition to nutrition and resource-management education) may be necessary to help lowincome families reap all of the benefits of improved food security. The exploratory results of this study contribute to the foundation of an evidence-based evaluation critical to informing legislators on program effectiveness and assisting the USDAÕs Food and Nutrition Service to improve food security (42) .
Nutrition and budgeting education provided through programs such as SNAP-Ed is an important component to a multifaceted approach, including food assistance and policy changes, necessary to alleviate food insecurity in US households with children. Future research should continue to use rigorous study designs to investigate the long-term impact of SNAP-Ed, not only on food security but also on the additional outcome goals of SNAP-Ed, such as dietary intake and quality, physical activity, healthy lifestyles, and other health indicators, that may be improved by participation in SNAP-Ed.
